Novel Gram-stain-variable, bent rods or long filaments that were endospore-forming, facultatively anaerobic, oxidase-and catalase-negative, and designated strain NC2-42 T , were isolated from sediment on the coast of Weihai, China. Optimal growth occurred at 37 C, pH 7.5 and with 2-3 % (w/v) NaCl. MK-7 was the sole respiratory quinone and meso-diaminopimelic acid was a diagnostic diamino acid in the peptidoglycan. The polar lipid profile of this novel isolate consisted of phosphatidylglycerol, phosphatidylethanolamine, an unknown phospholipid, an unknown phosphoaminolipid, two unknown glycolipids and an unknown lipid. The major cellular fatty acids in strain NC2-42
The genus Paenibacillus was established from members of group 3 Bacillus on the basis of a 16S rRNA gene sequence analysis (Ash et al., 1993) . The family Paenibacillaceae belongs to the order Bacillales of the phylum Firmicutes. At the time of writing, the family Paenibacillaceae comprised nine genera: Paenibacillus, Ammoniphilus, Aneurinibacillus, Brevibacillus, Cohnella, Oxalophagus, Thermobacillus, Fontibacillus and Saccharibacillus. The family is distributed between two phylogenetic clusters (De Vos et al., 2009) . Two newly described genera (Saccharibacillus and Fontibacillus) are grouped with the genera Cohnella and Paenibacillus, while the other genera cluster distantly to members of the genus Brevibacillus. The genus Thermobacillus does not appear as the most deeply branching lineage (Touzel & Prensier, 2009 ) but as a rapidly evolving lineage within the genus Paenibacillus (Mayilraj & Stackebrandt, 2014) . Members of the family are Gram-stain-positive, -variable or -negative, and sporulate with oval or ellipsoid spores. The major menaquinone is either MK-7 or MK-6. In this study, a novel marine strain was characterized using a polyphasic approach. Based on the collective findings, the strain is proposed to represent a novel species of a new genus within family Paenibacillaceae.
Strain NC2-42
T was isolated from a marine sediment collected on the coast of Weihai, China (37 25¢ 07.91¢¢ N 121 59¢ 48¢¢ E). The sample was serially diluted to 10 -4 with sterilized seawater and 0.1 ml aliquots of each dilution were spread onto marine agar 2216 (BD Difco) plates. The plates were incubated at 28 C for 7 days, and strain NC2-42 T was isolated and stored at À80 C in sterile 15 % (v/v) glycerol supplemented with 1 % (v/v) NaCl. Mesbah et al., 1989) . The universal primers, 27f (Lane, 1991) and 1492r (Marchesi et al., 1998) , were used to amplify the 16S rRNA gene. The purified PCR products were ligated into the pGM-T vector (Tiangen) and cloned using the manufacturer's instructions. Sequencing was performed by Life Biotechnology (Shanghai), China. To ascertain the phylogenetic position of the novel strain, a nearly complete 16S rRNA gene sequence (1476 bp) of strain NC2-42 T was submitted to the GenBank database and similar sequences were identified using the BLAST algorithm and confirmed by accessing the EzTaxon-e server (http://www. ezbiocloud.net/; Kim et al., 2012) . The 16S rRNA gene sequence of strain NC2-42 T was aligned using SINA online (Pruesse et al., 2012) , removing bases remaining unaligned at the ends. The aligned sequence was imported into the database of the Living Tree Project (Yarza et al., 2008) release 123 using the ARB software package (Westram et al., 2011) . Phylogenetic trees based on the 16S rRNA gene sequence were reconstructed with the neighbour-joining method with the Jukes-Cantor correction (Jukes & Cantor, 1969) , the maximum-likelihood method using RAxML8 (Stamatakis, 2014) with GTR-GAMMA and rapid bootstrap analysis, and the maximum-parsimony method using DNAPARS version 3.6 (Felsenstein, 2005) .
For phenotypic tests, strain NC2-42 T was incubated on marine agar 2216 at 37 C for 1-2 days. Cell morphology and size were observed using transmission electron microscopy (JEM-1200; JEOL), supplemented by light microscopy (Ci-L; Nikon). Endospores were observed by phase-contrast microscopy (Eclipse E600; Nikon) using cells cultivated on marine agar 2216 at 37 C for 1 week. Motility was determined by the hanging-drop technique (Bernardet et al., 2002) . The effects of the growth temperature (4, 10, 16, 20, 25, 28, 30, 33, 37, 42, 45 and 50 C) were determined on marine broth 2216 and the OD 600 was measured every 12 h. Salt tolerance was tested at 37 C by using NaCl-free marine broth 2216 (prepared according to the marine broth 2216 formula without NaCl) supplemented with different NaCl concentrations (0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 % final concentration, w/v), and the OD 600 was measured every 12 h. The effects of pH were determined by adding the appropriate buffers, including MES (for pH 5.5 and 6.0), PIPES (for pH 6.5 and 7.0), HEPES (for pH 7.5 and 8.0), Tricine (for pH 8.5) and CAPSO (for pH 9.0, 9.5 and 10.0), to marine broth 2216 (BD Difco) supplemented with 0.2 % (w/v) glucose (because growth was poor without added glucose); the buffers were added at a concentration of 20 mM. The OD 600 of the cultures was measured after incubation for 24 h at 37 C.
Gram staining was carried out as described by Smibert & Krieg (1994) . Nitrate reduction was performed as described by Cowan & Steel (1974) . Anaerobic growth was determined after incubation on marine agar 2216 with or without 0.1 % (w/v) KNO 3 in an anaerobic chamber filled with a gas mixture (N 2 : H 2 : CO 2 at 80 : 1 : 10) for 2 weeks at 37 C. Oxidase activity was examined using a bioM erieux oxidase reagent kit according to the manufacturer's instructions. Catalase activity was detected via bubble production in 3 % (v/v) H 2 O 2 . Tests for the hydrolysis of starch, CMcellulose and Tweens 20, 40, 60 and 80 were determined according to the methods of Dong & Cai (2001) . Susceptibility to antibiotics was assessed as follows: a cell suspension (McFarland standard 0.5) was swabbed over the surface of a marine agar 2216 plate to create a uniform lawn before the aseptic placement of antibiotic discs onto the agar surface, and incubation of the plates at 37 C for 24 h. Tests for other physiological or biochemical characteristics were performed using API 20E, API ZYM and API 50CH strips (all from bioM erieux) and GEN III MicroPlates (Biolog), according to the manufacturers' instructions, except that the salinity of strain NC2-42 T , P. polymyxa DSM 36 T , P. taiwanensis DSM 18679 T and F. aquaticus DSM 17643 T was adjusted to 3.0 % with sea salt (Sigma). All of the API and Biolog tests were performed in duplicate, with appropriate positive and negative controls.
For the extraction of the respiratory quinones, cells grown in marine broth 2216 supplemented with 0.2 % (w/v) glucose for 48 h at 37 C were harvested and freeze-dried. A silica gel TLC plate (Merck Kieselgel 60 F254) was used to analyse the quinone type, and the content of each quinone type was subsequently analysed via HPLC, as described previously (Hiraishi et al., 1996) . Cells cultured on marine agar 2216 at 33 C for 48 h were used to determine the fatty acid composition of strain T and the reference strains except that Cohnella thermotolerans DSM 17683
T was cultured on TSA. Analysis of the extracted cellular fatty acids was performed using the Sherlock Microbial Identification System (MIS; MIDI) version 6.1 equipped with an Agilent model 6890N gas chromatograph. The peaks were automatically integrated and the fatty acid names and percentages were determined using the MIS standard software with the TSBA40 database. Polar lipids were extracted from 200 mg freeze-dried cell material and separated via twodimensional silica gel TLC. The total lipid material was detected using molybdatophosphoric acid, and the functional groups were determined using spray reagents specific for particular functional groups. Complete details are provided in Tindall et al. (2007) . For the peptidoglycan analysis, whole-cell hydrolysates (4 M HCl, 100 C, 16 h) were subjected to TLC on cellulose plates according to Protocol 1 of Schumann (2011) . The polar lipids and the diamino acid type of the cell-wall peptidoglycan were determined by the Identification Service of the DSMZ, Braunschweig, Germany.
An almost-complete 16S rRNA gene sequence (1476 bp) of strain NC2-42 T was obtained. The strain was most closely related to the genera Paenibacillus (with a 16S rRNA gene pairwise sequence similarity of no more than 92.32 % to species with validly published names), Fontibacillus (91.97 %) and Cohnella (90.58 %) within the family Paenibacillaceae. The neighbour-joining phylogenetic tree topologies based on the 16S rRNA gene sequences showed that strain NC2-42
T formed a separate branch within the family Paenibacillaceae (Fig. 1) . The topology was supported by the maximum-likelihood and maximum-parsimony method (Fig. S1a, b , available in the online Supplementary Material). The low 16S rRNA gene sequence similarity to all members of the family Paenibacillaceae along with the phylogenetic data suggested that strain NC2-42 T represented a novel genus and species. The G+C content of the genomic DNA of strain NC2-42 T was 58.11 mol% which was higher than that of the related genera Fontibacillus, Saccharibacillus, Brevibacillus, Aneurinibacillus, Ammoniphilus and Oxalophagus within the family Paenibacillaceae (Table S1 ).
Colonies on marine agar 2216 were yellow, circular and convex, and had entire edges after incubation for 2 days at 37 C. Cells of strain NC2-42 T were Gram-stain-variable, motile, bent rods or long filaments, approximately 0.3-0.5 µm in width and 2.0 to >10.0 µm in length, and some cells >10 µm in length were observed. Peritrichous flagella were observed by transmission electron microscopy (Fig. S2) . Oval subterminal endospores were formed in swollen sporangia (Fig. S3) . Growth occurred at 16-45 C, pH 6.5-8.5, and in the presence of 0-8.0 % (w/v) NaCl. Optimal growth was observed at 37 C, pH 7.5, and in the presence of 2.0-3.0 % (w/v) NaCl. Strain NC2-42 T was sensitive to norfloxacin (30 µg), chloramphenicol (30 µg), neomycin (30 µg), ampicillin (10 µg), erythromycin (15 µg), vancomycin (30 µg), rocephin (30 µg), cefotaxime (30 µg), penicillin (10 µg), clindamycin (30 µg), sulfamethoxydiazine (5 µg), acetylspiramycin (30 µg), rifampicin (5 µg), tobramycin (10 µg), ofloxacin (5 µg), tetracycline (30 µg), nalidixic acid (30 µg), gentamycin (10 µg), streptomycin (10 µg), kanamycin (30 µg) and lincomycin (2 µg). The complete morphological, physiological and biochemical characteristics of strain T are provided in the species description and Tables 1 and S1.
The sole respiratory quinone of strain NC2-42 T was MK-7. The predominant cellular fatty acids in strain NC2-42 T were anteiso-C 15 : 0 , iso-C 16 : 0 and C 16 : 0 which could distinguish strain NC2-42
T from the four reference strains ( Table 2 ). The polar lipid profile of the novel isolate consisted of phosphatidylglycerol, phosphatidylethanolamine, an unknown phospholipid, an unknown phosphoaminolipid, two unknown glycolipids and an unknown lipid (Fig. S4) . The lack of diphosphatidylglycerol in the polar lipid profile could distinguish strain NC2-42
T from the other genera in the family Paenibacillaceae. The diamino acid meso-diaminopimelic acid (meso-Dpm) was diagnostic of the peptidoglycan in strain NC2-42 T . The occurrence of meso-Dpm as diamino acid has been reported up to now only for the peptidoglycan type A1g and for three variations of peptidoglycan type A4g (A31.1, A31.2 and A31.3 https:// www.dsmz.de/?id=449). The variations of peptidoglycan type A4g based on meso-Dpm have been found so far exclusively in the family Dermabacteraceae. An organism containing meso-Dpm with close phylogenetic relationship to the genera Bacillus or Paenibacillus but very distant from the family Dermabacteraceae is very likely to display the peptidoglycan structure A1g. Characteristics that differentiated strain T from the reference strains and related genera are shown in Tables 1 and S1 , respectively.
Based on data from this current study, strain NC2-42
T represents a novel species of a new genus in the family Paenibacillaceae, for which the name Marinicrinis sediminis gen. nov., sp. nov. is proposed.
Description of Marinicrinis gen. nov.
Marinicrinis (Ma.ri.ni.cri¢nis. L. adj. marinus of the sea, marine; L. masc. n. crinis hair; N.L. masc. n. Marinicrinis marine hair).
Cells are Gram-stain-variable, bent rods or long filaments, facultatively anaerobic, and oxidase-and catalase-negative. Oval subterminal endospores are formed in swollen sporangia. MK-7 is the sole respiratory quinone and meso-Dpm is a diagnostic diamino acid of the peptidoglycan. The polar lipid profile contains phosphatidylglycerol, phosphatidylethanolamine, an unknown phospholipid, an unknown phosphoaminolipid, two unknown glycolipids and an unknown lipid. The major cellular fatty acids are anteiso-C 15 : 0 , iso-C 16 : 0 and C 16 : 0.
The type species is Marinicrinis sediminis.
Description of Marinicrinis sediminis sp. nov.
Marinicrinis sediminis (se.di¢mi. nis. L. gen. n. sediminis of sediment).
Exhibits the following characteristics in addition to the properties given in the genus description. Cells are motile with peritricious flagellum, and are approximately 0.3-0.5 µm in width and 2.0 to >10.0 µm in length; some cells >10 µm in length are observed. Colonies on marine agar 2216 are yellow, circular and convex, and possessed entire edges after incubation for 2 days at 37 C. Growth occurs at 16-45 C, pH 6.5-8.5, and in the presence of 0-8.0 % (w/v) NaCl. Optimal growth is observed at 37 C, pH 7.5, and in the presence 
Acid production from (API 50 CHB): The type strain, NC2-42 T (=KCTC 33676 T =MCCC 1K01238 T ) was isolated from marine sediment from Weihai, China. The genomic DNA G+C content of the type strain is 58.11 mol%. 
